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Hensel $f(x,u, \cdots, v)$
$x$ : $f(x, u, \cdots,v)$
[1],[10] $f(x, u, \cdots,v)$
$f’(x’,u’, \cdots,v’)$ $f’(x’, u’, \cdots, v’)$ $x’$ $f(x, u, \cdots , v)$
$f(x,\mathrm{u}, \cdots,v)$
2 $f(x, u)$ 3 $f(x,u,v)$
2
$f(x,u_{1},$ $\cdots,\mathrm{u}_{l}\rangle$ $=f(x,u)$ $(\mathrm{u}_{1}, \cdots,u\iota)$ $(u)$
$f(x, u)$ $f(x,\mathrm{u})$
$\partial f/\partial x=\partial f/\partial u_{1}=\cdots=\partial f/\partial u_{l}=f=0$ [1],[10] $(\epsilon_{1}, \cdots,s_{l})=(s)$
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$O(\delta)$ ( $0<\delta<<1$ ) Newton $k$ $f(x,\mathrm{u})$
$\chi^{(k)}(u, s)$ $\chi^{(k)}(u, s)=y\mathrm{o}(s)+y_{1}(u, s)+y_{2}(u, s)+\cdots+y_{k}(u, s)$ $y_{i}(u, s)$
$(u_{1}-s_{1}),$ $\cdots,$ $(u\iota-s\iota)$ $i$
$k$ 1 $\chi^{(k)}(u, s)$ $O(1/\delta)$
[8]
[$fi(x, u)=u^{4}+2u^{2}x^{2}-6u^{2}x+x^{4}-x^{3}+x^{2}=0$ $\mathrm{J}$
$fi$ $s=0.\mathrm{O}\mathrm{O}1$ 30 $fi$ 1




$+$ 0.0003431457885668497291427205754006 $\cdots$ (u-O.OOl)
$+$ 0.000038059246374211572407451 $\cdots$ $(u$ -0.001 $)$ a
$+$ 0.009514823343458427825653 $\cdots$ $(\mathrm{u}$ -0.001$)$4
3 2
2 2 (







$f$ ($x$,u)=x2-u2(u+1)=0( 1) (1) $f(u’x’,u’)=u^{\prime 2}(x^{\prime 2}-(u’+1))=0$ $\circ$
$f(u’x’, u’)=0$
$x^{\prime 2}-$ $(u’$ +1$)$ =0( $2$),$u’=0$ QDT ProPer transform( ). exoeptional
line( ) $[1],[10]$ 1 2 2
2 $(0,1)$ , (0,-1)
1: $x^{2}-u^{2}(u+1)=0$ 2: $x^{\prime 2}-(u’+1)=0$
[ 1( $f(x,u)=0$ )]
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1. QDT $f(x,u)=0$ 1 QDT
QDT $f(x,u)$ proper
transform $f’(x’,u’)$
2. $f’(x’,u’)=0$ $x’$ $\chi(\overline{u})$ Newton $u’=s$
$\tilde{u}=u’-s$
3. $(\tilde{u}+s)\chi(\tilde{u})$ $x’=X/u=\chi(\tilde{u})$ $x=u\chi(\tilde{u})=u’\chi(\tilde{u}\rangle$ $=(\tilde{u}+s)\chi(\tilde{u})$
$(\tilde{u}+s)\chi(\tilde{u})$ $f(x,u)$ $u’$ $u$ $(\tilde{u}+s)\chi(\overline{u})$ $u-s$
l Newton –





















(2) $f(x,u,v)=x^{2}-u^{2}(u+1)=0$ $f(u’x’,u’,v’)=u^{\prime 2}(x^{\prime 2}-(u’+1))=0$
$\circ$ $x^{J2}-(u’+1)=0$ ( $3$),$u’=0$ ( 4) proper tra 6fonn,exceptional surface
3: $x^{2}-u^{2}(u+1)=0$ 4: $x^{\prime 2}-(u’+1)=0$ 52 $\mathrm{S}_{1}$ 6: $\mathrm{S}_{1}’$
$(u, v)=(u_{\mathrm{Q}}, v_{0})$
[ 2( $\mathrm{L}$ )]
1. $\mathrm{L}$ MDT $f(x,u,v\rangle$ 1 MDT
MDT $f(u’x’,u’,v’)$
proper transform $f’(x’,$ $u’,v’\rangle$
2. $f’(x’,u’,v’)$ $x’$ $\chi(\tilde{u},\tilde{v})$ Newton ($u’$ ,v’)=(t , $vo$)
$\tilde{u}=u’-u_{0},\tilde{v}=v’-v_{0}$
3. $(\tilde{u}+s)\chi(\tilde{u},\tilde{v})$ o $x’=x/u=\chi(\overline{u},\tilde{v})$ $x=u\chi(\tilde{u},\tilde{v})=u’\chi(\tilde{u},\tilde{v})=(\tilde{u}+e)\chi(\tilde{u},\tilde{v})$
$(\tilde{u}+\epsilon)\chi(\tilde{u},\tilde{v})$ $f(x, u, v)$ $(\tilde{u}+s)\chi(\tilde{u},\tilde{v})$ $u’-$ $v’-v0$









$\mathrm{C}$ 2 $\varphi(u, v),\psi(u, v)$
$\mathrm{C}:\{(x,\mathrm{u},v)|\varphi(u,v)=0\}\cap\{(x,u,v)|x=\psi(u,v)\}$
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[2] $\varphi(u,v)=0$ $\mathrm{C}$ $u-v$ (projection)
$x=\psi(u,v)$ $\varphi(u, v)=0$ $\mathrm{C}$ 1 1 (birational map) $\varphi(u, v)=0$
$u-v$ $\varphi(u, v)$ $\psi(u, v)$ 4,5







$\mathrm{S}_{1}$ :$f(x,u, v)=(\mathrm{u}-v^{S})^{4}-(u-v^{3})^{2}(x-u)+(x-u)^{3}$ ( 5) $\mathrm{C}=\{(x,u,v)|\varphi(u,v)=$
$u-v^{3},\psi(u,v)=u\}$ o (3) $\mathrm{S}_{1}$ $f(\varphi(u’, v’)x’+\psi(u’,v’),u’,v’)=(v^{\prime 3}-$
$u’)^{3}(v^{\prime s}-u’+x’-x^{J\theta})=0$ o proper transform $\mathrm{s}4$ : $f’(x’, u’,v’)=v^{\prime 3}-\mathrm{u}’+x’-x^{;3}=0$
( 6) $v^{\prime 3}-u’=0$ $\mathrm{S}_{1}$ $\mathrm{S}_{1}’$
C MDT MDT
(3) customized MDT
customiz\’e MDT ( )
($u$ ,v)=( , $v\mathrm{o}$)
[ 3( MDT )1
1. 4,5 $f(x,u,v)$ $\mathrm{C}$ $\varphi(u,v),\psi(u, v)$
2. $\mathrm{C}$ $\mathrm{c}\mathrm{u}\epsilon \mathrm{t}\mathrm{o}\mathrm{m}\mathrm{i}\mathrm{z}\text{\’{e}}$ MDT $f(x, u,v)$
$f(x, u, v)$ proper transform $f’(x’, u’, v’)$







\mbox{\boldmath $\varphi$}(u-+’’O,v-+v0)\mbox{\boldmath $\chi$}(tg, v\tilde )+\psi (u\tilde +u0,5+v0) f(x,u,v)
$\varphi(u,v),\psi(u, v)$ $\mathrm{P}\mathrm{R}\mathrm{S}[4],[7]$
$[5],[6]$ $\partial f/\partial x,\partial f/\theta u,$ $\partial f/\partial v$ $f_{x},$ $f_{u},$ $f_{v}$ $f_{x},$ $f_{u},$ $f_{v}$
( 4) $f(x, u,v)=0$
fx’fu’fv 5 \mbox{\boldmath $\varphi$}(u,v),\psi (u,v)
[ 4( PRS)]
1. $f_{x},$ $f_{u},$ $f_{v}$ $x$
$P_{1}=f_{u},$ $P_{2}=f_{x}$ P (PP, $P_{2},$ $\cdots$ , $P_{\hat{k}},P_{\dot{k}+1}$) $Q_{1}=f_{v},Q_{2}=f_{x}$ $\mathrm{P}\mathrm{R}S$
$(Q_{1}, Q_{2}, \cdots, Q_{k’},Q_{k’+1})$ $P_{\hat{k}+1},Qk’+1$ $0$ $P_{\hat{k}}$ $Q_{k’}$
$u,v$
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2. $u$ $P_{\hat{k}}$ $Q_{k’}$ P$ $\deg_{u}(P_{\hat{k}})$ $\geq\deg_{u}(Q_{k’})$ PRS
$(R_{1},R_{2}, \cdots,R_{k}, R_{k+1})$
$0$ $R_{1}=P_{\hat{k}},$ $R_{2}=Q_{k’},$ $R_{k+1}=0$ Q
$\varphi(u,v)$ $R_{k}$ $f(x,u, v)$ $R_{k}\in C[u, v]$
$R_{k}(u,v)$ $C[u, v]$ $R_{k}(u, v)=\varphi(u, v)$ $R_{k}(u,v)$
$\varphi(u, v)$ 5
$\emptyset(u, v)$ $\deg_{x}(P_{\dot{k}-1})=\deg_{x}(Q_{k’-1})=1$ $\psi(u, v)$
$P_{\dot{k}-1},$ $Q_{k’-1}$ – $P_{\overline{k}-1}$ $P_{\dot{k}-1}=\tilde{q}(u,v)x-\tilde{r}(u,v)$
$X= \frac{\overline{r}}{\tilde{q}}u\mapsto u,vv$ $\varphi(u,v)$ $\mathrm{C}$ birational map [2] $\psi(u, v)=\ovalbox{\tt\small REJECT}$
[- ’ 5($\varphi(u,v)$ \neg )]
1. $R_{k}(u, v)$ $[5],[6]$
$R_{k}(u,v)=\lambda_{1}(u,v)^{t\iota}\lambda_{2}(u,v)^{\prime_{2}}\cdots\lambda_{m}(u,v)^{f_{\wedge}}$
$\lambda_{:}(u,v)\in C[u,v](1\leq i\leq m)$
$\mathrm{g}\mathrm{c}\mathrm{d}(\lambda_{l}(u,v),$ $\lambda_{j}(u,v))=1(i\neq j)$
2. birational map $\psi(u,v)$ $\lambda_{1}’(u,v)$ $M_{1}(u, v)$ $D(u, v)$ $H(u,v)$
$D(u,v)$ $H(u,v)$ $D(u, v)$ $H(u, v)$
$D(u,v\rangle$
3. $i$ $f(M_{1}(u,v),u,$ $v)$ $f(M_{j}(u,v),$ $u,v)=0$ $\exists j(1\leq j\leq m)$
$\lambda_{j}(u,v)=\varphi(u,v)$ $\psi(u,v)$ $f(\psi(u,v),\mathrm{u},$ $v)$
$f(\psi(u,v),u,v\rangle$ $\lambda_{1}(u,v),$ $\cdots,$ $\lambda_{m}(u,v)$ $\varphi(u,v)$
$\varphi(u,v)$ $\psi(u,v)$
[S2: $f(x,u,v)=((u+v^{2})^{2}+(x-u-1)^{2})^{2}-((u+v^{2})^{2}-(x-u-1)^{2})$ ]
S2 $\mathrm{C}=\{(x,u,v)|\varphi(u, v)=u+v^{2}=0, x=\psi(u, v)=u+1\}$ o
4,5 4
$(P_{1},P_{2},P_{3}, P_{4})$ $=$ $(f_{x}, f_{v}, -4(1+u-x),4v(2v^{6}+6v^{4}u+u(-1+2u^{2})+v^{2}(-1+6u^{2})))$






$Q_{k-1}=-P_{k-1}=4(1+u-x)$ $\psi(u,v)=u+1$ o 5
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